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ABSTRACT 

PURPOSE: To manufacture the title tandem organic solar battery having high 
energy conversion efficiency exhibiting stable performances with minimum 
electrode short-circuiting, etc., by a method wherein the unit cell on a 
transparent electrode side is composed of a composite layer comprising 
cadmium sulfide, perylene coloring matter and phthalocyanine coloring 
matter while the unit cell on an opposite electrode side is composed of a 
composite layer comprising perylene coloring matter an phthalocyanine 
coloring matter. 

CONSTITUTION: The unit cell on a transparent electrode side is composed of 
a composite layer of successive laminates of a first layer comprising a 
cadmium sulfide, a second layer comprising perylene coloring matter and a 
third layer comprising phthalocyanine coloring matter from the transparent 
electrode side to the opposite electrode side. On the other hand, the unit 
cell on the opposite electrode side is composed of a composite layer of 
successive laminates of a first layer comprising a perylene coloring matter 
film, a second layer comprising a phthalocyanine coloring matter film. 
Accordingly, when the unit cell is irradiated with light from the 
transparent electrode side, the light in the photoabsorption region of the 
perylene coloring matter in the unit cell on the transparent electrode side 
is hardly attenuated and is used in the unit cell on the opposite electrode 
side. Resultantly, the title tandem organic solar battery high in energy 
conversion efficiency and further generating high voltage can be 
manufactured. 
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Specification 



Title of the Invention 

TANDEM TYPE ORGANIC SOLAR CELL 

Claim 

1. A tandem- type organic solar cell, which comprises 
two unit cells between a transparent electrode and a counter 
electrode, 

wherein a metallic thin film is provided between the two 
unit cells, 

being characterized in that one unit cell at a 
transparent electrode side out of the two unit cells is a 
composite layer in which a first layer comprising cadmium 
sulfide, a second layer comprising a perylene-type dye and a 
third layer comprising a phthalocyanine-type dye are 
sequentially laminated in a direction of from the transparent 
electrode side to a counter electrode side; and 

the other unit cell at the counter electrode side out 
of the two unit cells is a composite layer in which a first 
layer comprising the perylene-type dye and a second layer 
comprising the phthalocyanine-type dye are sequentially 
laminated in a direction of from the transparent electrode side 
to the counter electrode side. 
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Detailed Description of the Invention 
(Industrial Field of Application) 

The present invention relates to a tandem- type organic 
solar cell and, particularly, to a tandem- type organic solar 
cell in which two different unit cells mainly comprising an 
organic compound are provided between a transparent electrode 
and a counter electrode. 
(Prior Art) 

An organic solar cell which uses an organic compound as 
a solar cell material is excellent in cost, realization of a 
large area, easiness of a production process and the like 
compared with a solar cell which uses an inorganic 
semiconductor and, conventionally, organic solar cells having 
various types of constitutions in which organic compounds are 
used as solar cell materials have been proposed. 

For example, an organic solar cell which uses a laminated 
film of copper phthalocyanine and a perylene-type dye is 
described in Applied Physics Letters (198 6, Vol. 48, p. 183) 
in which it is reported that an energy conversion efficiency 
of this organic solar cell is about 1%. However, in the 
above -described organic solar cell, in order to obtain such 
a high energy conversion efficiency as described above, it is 
necessary to allow a film thickness of a dye layer which is 
a semiconductor layer to be small. For this account, a pinhole 
is liable to be generated in the film and, accordingly, there 
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is a shortcoming such that electrodes are short-circuited. 

On the other hand, in order to enhance the energy 
conversion efficiency of a solar cell, a tandem- type organic 
solar cell in which a plurality of unit cells are laminated 
is proposed and an example of an application thereof to an 
organic solar cell is described in CHEMISTRY LETTERS (1990, 
p. 327) ; however, as the number of laminates is increased, light 
transmit tance is decreased and, accordingly, the energy 
conversion efficiency thereof is decreased and, as a result, 
there is a shortcoming such that a laminating effect can not 
be admitted. 

(Problems that the Invention is to Solve) 

The present invention has been made to solve these 
shortcomings and has an object to provide a tandem- type organic 
solar cell which is high in an energy conversion efficiency, 
less causes short-circuit or the like and has a stable 
performance. 

(Means for Solving the Problem) 

A transparent electrode to be used in the present 
invention is not particularly limited, so long as visible light 
can transmit it and, ordinarily, an article in which a 
transparent electrically conductive film is provided on a 
transparent substrate is favorably used. 
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As for such materials to be used in the transparent 
substrate, for example, glass; and polymers of an acrylic type, 
a vinyl type, a polyolefin type, a polyester type, a polyamide 
type, a polycarbonate type and the like are mentioned. 

As for such materials to be used in the transparent 
electrically conductive film, for example, indium oxide doped 
with tin (hereinafter, referred to also as "ITO"), tin oxide, 
indium oxide and the like are mentioned and, particularly, ITO 
is preferred. 

The counter electrode to be used in the present invention 
is formed by using a known electrode material and, as for such 
electrode materials, for example, metals each having a large 
work function such as gold, silver and platinum are mentioned. 

A unit cell at a transparent electrode side out of two 
different unit cells to be used in the present invention is 
allowed to be a composite layer in which a first layer 
comprising cadmium sulfide, a second layer comprising a 
perylene-type dye and a third layer comprising a 
phthalocyanine-type dye are sequentially laminated from the 
transparent electrode side to a counter electrode side. 

A film thickness of the first layer comprising cadmium 
sulfide is not particularly limited; however, when it becomes 
small, a pinhole is liable to be generated, while, when it 
becomes large, due to a decrease of light transmittance and 
an increase of electric resistance of the film, an energy 
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conversion efficiency is deteriorated and, therefore, it is 
preferably 100 to 500 angstroms . 

As for such perylene dyes to be used in the second layer, 
for example, perylene tetracarboxylic acid bis-benzimidazole, 
N,N' -dimethyl perylene tetracarboxylic acid diimide, 
N , N ' - diphenyl perylene tetracarboxylic acid diimide and the 
like are mentioned. These compounds may be used either each 
individually or in combinations of two types or more. 

The second layer can generate a sufficient electromotive 
force even when it is an extremely thin film and, even in a 
case in which the film has a pinhole or is formed in a 
non- continuous state, same effect as described above can be 
exhibited- A film thickness thereof is not particularly 
limited; however, when it becomes small, a sufficient 
electromotive force can not be generated, while, when it 
becomes large, light absorption in a light absorption 
wavelength region (450 to 600 run) of the perylene- type dye 
becomes unduly large and, on this occasion, when light passes 
through the unit cell at the transparent electrode side, the 
light is attenuated and, then, the electromotive force in the 
unit cell at the counter electrode side is decreased and, 
therefore, it is preferably from 10 to 100 angstroms. 

As for such phthalocyanine dyes to be used in the third 
layer, for example, a non-metallic phthalocyanine, a metallic 
phthalocyanine and derivatives thereof and the like are 
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mentioned. 

As for such metallic phthalocyanines , for example, those 
each having, as a central atom, a metal such as copper, 
magnesium, zinc, aluminum, tin, chromium, manganese, iron, 
cobalt, rhodium, palladium, platinum or the like or those which 
are each formed by a halide of a metal having three or more 
atomic valences are mentioned - 

As for derivatives thereof, for example, derivatives in 
each of which a hydrogen atom in a phthalocyanine molecule is 
substituted by a sulfonic group, a nitro group, a cyano group, 
a carboxyl group, a halogen atom or the like are mentioned. 

A film thickness of the third layer is not particularly 
limited; however, when it becomes small, a pinhole is liable 
to be generated, while, when it becomes large, due to a decrease 
of light transmittance and an increase of electric resistance 
of the film, an energy conversion efficiency is deteriorated 
and, therefore, it is preferably 400 to 1000 angstroms. 

A unit cell at a counter electrode side out of two 
different unit cells to be used in the present invention is 
allowed to be a composite layer in which a first layer 
comprising a perylene-type dye and a second layer comprising 
a phthalocyanine -type dye are sequentially laminated from a 
transparent electrode side to the counter electrode side. 

As for such perylene dyes to be used in the first layer 
of the unit cell at the counter electrode side, such 
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perylene-type dyes as described above can be used. 

Further, as for the perylene dyes to be used in the first 
layer of the unit cell at the counter electrode side, either 
same ones as used in the second layer of the unit cell at the 
transparent electrode side or different ones may be used. 

A film thickness of the first layer of the unit cell at 
the counter electrode side is not particularly limited? however, 
when it becomes small, a pinhole is liable to be generated, 
while, when it becomes large, due to a decrease of light 
transmit tance and an increase of electric resistance of the 
film, an energy conversion efficiency is deteriorated and, 
therefore, it is preferably 400 to 1000 angstroms. 

As for such phthalocyanine dyes to be used in the second 
layer of the unit cell at the counter electrode side, the 
phthalocyanine dyes as described above can be used. 

Further, as for the phthalocyanine dyes to be used in 
the second layer of the unit cell at the counter electrode side, 
either same ones as used in the third layer of the unit cell 
at the transparent electrode or different ones can be used. 

A film thickness of the second layer of the unit cell 
at the counter electrode side is not particularly limited; 
however, when it becomes small, a pinhole is liable to be 
generated, while, when it becomes large, due to a decrease of 
light transmittance and an increase of electric resistance of 
the film, an energy conversion efficiency is deteriorated and. 
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therefore, it is preferably 500 to 3000 angstroms. 

In the tandem- type organic solar cell according to the 
present invention, the above-described two different unit 
cells are provided between the transparent electrode and the 
counter electrode and a metallic layer is provided between the 
unit cells in a state of joining the two unit cells. 

As for metals to be used in the metallic layer, for example, 
gold, silver and the like are mentioned. As for a film 
thickness thereof, when it becomes small, an effect of joining 
unit cells with each other in an ohmic manner is reduced, while, 
when it becomes large, light transmittance is decreased and, 
therefore, it is preferably 10 to 100 angstroms and, more 
preferably, 15 to 30 angstroms. 

As for methods for forming each of the above -described 
layers, an arbitrary method may be adopted. For example, 
various methods such as a vacuum deposition method, a 
sputtering method, an ion-plating method and the like are 
mentioned. 

For producing the tandem- type organic solar cell 
according to the present invention, for example, after a 
cadmium sulfide film is formed on a transparent electrically 
conductive film of a transparent electrode in which the 
transparent electrically conductive film is vapor -deposited 
on a transparent substrate by using the sputtering method, a 
perylene-type dye film and a phthalocyanine-type dye film are 
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sequentially laminated by using the vacuum deposition method 
to thereby form the unit cell at the transparent electrode side 
and, subsequently, a metallic layer is formed by using the 
vacuum deposition method and, further, the perylene-type dye 
film and the phthalocyanine-type dye film are sequentially 
laminated by using the vacuum deposition method, to thereby 
form the unit cell at the counter electrode side. On the 
thus -formed unit cell, the counter electrode may be provided. 

(Examples) 

Hereinafter, the present invention is described with 
reference to Examples. 
Example 1 

A transparent electrically conductive glass substrate 
on which ITO was vapor- deposited was placed in a vacuum 
container of an RF sputtering apparatus and, then, a cadmium 
sulfide film having a thickness of 300 angstroms was formed 
by sputtering on an ITO film by using an Ar gas as a carrier 
gas while allowing an inside of the container to be at 5x10° 
Torr. 

Next, the transparent electrically conductive glass 
substrate on which the cadmium sulfide film was formed was 
placed in a vacuum container of an vacuum deposition apparatus 
and, then, a pressure inside the container was reduced to be 
lxl0~ 5 Torr and, thereafter, perylene tetracarboxylic acid 
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bis-benzimidazole was subjected to an ohmic heating in a 
crucible made of alumina, to thereby deposit a perylene 
tetracarboxylic acid bis-benzimidazole film having a 
thickness of 30 angstroms on the thus -formed cadmium sulfide 
film. 

Subsequently, on the thus-formed film, a non-metallic 
phthalocyanine film having a thickness of 500 angstroms was 
laminated in a same manner as the perylene tetracarboxylic acid 
bis-benzimidazole film was formed, to thereby obtain a 
first-step unit cell. 

After gold was vacuum deposited on the thus -obtained 
first -step unit cell in a thickness of 20 angstroms under a 
reduced pressure of IxlO" 5 Torr, an N,N' -dimethyl peylene 
tetracarboxylic acid diimide film having a thickness of 700 
angstroms and a non -metallic phthalocyanine film having a 
thickness of 1000 angstroms were sequentially laminated in a 
same manner as the perylene tetracarboxylic acid 
bis-benzimidazole film in the above -described first-step unit 
cell was formed, to thereby obtain a second-step unit cell. 

On the thus-obtained second-step unit cell, gold was 
vacuum deposited under a reduced pressure of 1x10 ~ 5 Torr and, 
accordingly, a counter electrode having a size of 2 mm 2 and 
a thickness of 300 angstroms was formed, to thereby obtain a 
tandem- type organic solar cell. 

Air Mass 2 (AM2) light (75 mW/cm 2 ) was irradiated from 
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an ITO transpaxent electrode side of the thus -obtained 
tandem- type organic solar cell and, then, a current -voltage 
property was measured, to thereby evaluate photoelectric 
conversion properties [open end voltage (Voc) , a short-circuit 
current density (J sc ), a filter factor (ff) and an energy 
conversion efficiency (t|)]. The results are shown in Table 
1. 

Example 2 

A tandem- type organic solar cell was obtained in a same 
manner as in Example 1 except that, in the first- step unit cell 
in Example 1, thickness of the perylene tetracarboxylic acid 
bis-benzimidazole film was changed into 70 angstroms. 

By using the thus-obtained tandem-type organic solar 
cell, a photoelectric conversion properties were evaluated in 
a same manner as in Example 1. The results are shown in Table 
1. 

Example 3 

A tandem- type organic solar cell was obtained in a same 
manner as in Example 1 except that, in the first-step unit cell 
in Example 1, N , N ' - dimethyl perylene tetracarboxylic acid 
diimide was used in place of perylene tetracarboxylic acid 
bis-benzimidazole . 

By using the thus-obtained tandem-type organic solar 
cell, a photoelectric conversion properties were evaluated in 
a same manner as in Example 1. The results are shown in Table 
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1. 

Comparative Example 1 

An organic solar cell was obtained in a same manner as 
in Example 1 except that, in Example 1, the gold deposition 
layer and the second-step unit cell were removed. 

By using the thus -obtained organic solar cell, a 
photoelectric conversion properties were evaluated in a same 
manner as in Example 1. The results are shown in Table 1. 

(No entry below) 
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(No entry below) 

(Advantage of the Invention) 

In the tandem-type organic solar cell according to the 
present invention, two different unit cells which are joined 
in an ohmic manner by a metallic layer are provided between 
a transparent electrode and a counter electrode, and one unit 
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cell at a transparent side out of the two unit cells is allowed 
to be a composite layer in which a first layer comprising a 
cadmium sulfide film, a second layer comprising a perylene-type 
dye film and a third layer comprising a phthalocyanine-type 
dye film are sequentially laminated in a direction of from the 
transparent electrode side to a counter electrode side and the 
other unit cell at the counter electrode side is allowed to 
be a composite layer in which a first layer comprising the 
perylene-type dye film and a second layer comprising the 
phthalocyanine-type dye film are sequentially laminated and, 
therefore, when light is irradiated from the transparent 
electrode side, since attenuation of the light in a light 
absorption region (450 to 600 nm) of the perylene dye hardly 
occurs in the unit cell at the transparent electrode side, the 
light in a wavelength region thereof can be utilized by the 
unit cell at the counter electrode side and, as a result, the 
tandem- type organic solar cell is excellent in an energy 
conversion efficiency and can obtain a high voltage. Further, 
by laminating unit cells, a pinhole is hardly generated, to 
thereby realize a tandem- type organic solar cell free of 
short-circuit between electrodes and having a stable 
performance . 

Further, the tandem- type organic solar cell is 
advantageously used as a drive cell of, for example, a liquid 
crystal display device. 
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